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Phosphatidyl Inositol-phospholipase C in 
Squid Photoreceptor Membrane is Activated 
by Stable Metarhodopsin via GTP-binding 
Protein, Gq 
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Phosphatidyl inositol-phospholipase C (PI-PLC) in squid retina was studied by immunoblotting and 
its activities were determined using [3H]phosphatidyl inositol bisphosphate ([‘H]PIP2) as substrate. 
PI-PLC activity was found mostly in soluble fraction when the retina homogenate was treated with 
4OOmM KCl, but was associated with rhabdomal membranes under low salt conditions (20mM 
Hepes). A protein with apparent molecular mass of 130 kD was recognized by an antibody against 
PLCjl4/norp A in both 400 mM KC1 soluble and rhabdomal membrane fractions. A 42 kD protein 
recognized by antibody against the C-terminus of Gqa was also present in these two fractions. GTPyS 
stimulated only the PI-PLC activity associated with membrane and was magnesium dependent. 
PI-PLC activity was found to be (i) highly dependent upon calcium concentrations, (ii) enhanced by 
GTP but not by other nucleotides, and (iii) significantly stimulated by light at lower concentrations 
of GTPyS. The stimulation by light was still observed when irradiated membrane was incubated at 
10°C for 10min and then mixed with GTPyS. These results suggest that stable metarhodopsin 
stimulates a PLC/lrl/norp A-like enzyme via a G-protein, Gq. 
Phospholipase C G-protein Rhodopsin Phototransduction Squid 
INTRODUCTION 
Signal transduction in vertebrate photoreceptors has 
been well studied and the main sequence of events at the 
molecular level is well established (see review by Stryer, 
1986). However, the photoresponse in vertebrates 
(hyperpolarizing) is quite different from that of invert- 
ebrates (depolarizing), and the transduction mechanism 
of invertebrate photoreceptors is still obscure. Cyclic 
guanosine monophosphate (cGMP), inositol trisphos- 
phate (IP3) and intracellular calcium are candidate 
second messengers in invertebrate transduction (reviews: 
Rayer, Naynert & Stieve, 1990; Bacigalupo, Johnson, 
Robinson & Lismann, 1990). The role of cGMP as 
second messenger has been thrown into doubt in recent 
studies (Brown, Faddis & Combs, 1992; Seidou, Ohtsu, 
Yamashita, Narita & Kito, 1993) while light-dependent 
IP3 production has been well demonstrated in invert- 
ebrate rhabdomeric photoreceptors. Most studies on IP3 
production have been carried out in squid or fly in vivo 
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by applying exogenous radiolabeled inositol (Szuts, 
Wood, Reid & Fein, 1986; Devary, Heichel, Blumenfeld, 
Cassel, Suss, Barash, Rubinstein, Minke & Selinger, 
1987; Brown, Watkins & Malbon, 1987; Wood, Szuts 
& Fein, 1989). The enzyme, phosphatidyl inositol- 
phospholipase C (PI-PLC), which produces IP3 and 
diacyl glycerol from phosphatidyl inositol bisphosphate 
(PIP2), is thought to be essential for Drosophila 
visual transduction (Yoshioka, Inoue & Hotta, 1985; 
Bloomquist, Shortridge, Schneuwly, Perdew, Montell, 
Steller, Rubin & Pak, 1988). The PI-PLC from 
Drosophila retina, probably norp A protein, is the only 
phospholipase C (PLC) that has been purified from 
an invertebrate retina (Toyoshima, Matsumoto, Wang, 
Inoue, Yoshioka, Hotta & Oosawa, 1990). There has 
been only one report on squid photoreceptor PI-PLC 
in vitro (Baer & Saibil, 1988), which reported calcium, 
GTP and light dependence, and the characteristics of this 
enzyme in the invertebrate retina remain to be clarified. 
The subtypes of Gq class G-protein have been isolated 
from various mammalian tissues and accumulating 
evidence suggests that PI-PLC (phospholipase C/I) is 
stimulated by both the a-subunit of Gq class G-proteins 
and by the fiy -subunits of G-proteins (Pang & Sternweis, 
1990; Taylor, Smith & Exton, 1990; Smrcka, Hepler, 
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Brown & Sternweis, 1991; Smrcka & Sternweis, 1993). 
Recently, the major G-protein of squid photoreceptor 
membrane has been isolated and its primary structure 
deduced from its cDNA sequence: it belongs to the Gq 
class (Pottinger, Ryba, Keen & Findlay, 1991; Ryba, 
Findlay & Reid, 1993). In a previous paper, we studied 
the GTP-binding protein of cephalopod photoreceptor 
membranes using anti-peptide antibodies and confirmed 
that the major GTP-binding protein is a Gq (Suzuki, 
Narita, Yoshihara, Nagai & Kito, 1993). This suggests 
that the rhodopsin-Gq-PLC cascade is a major pathway 
of signal transduction in cephalopod photoreceptors. 
In vertebrate photoreceptors, transient metarhodop- 
sin II is believed to be the active intermediate which 
stimulates G-protein, transducin (Fukada & Yoshizawa, 
1981; Bennett, Michel-Villaz & Kuhn, 1982). The 
rhodopsin cycle of invertebrates, however, produces a 
stable metarhodopsin as the final photoproduct (Naito, 
Nashima-Hayama, Ohtsu & Kito, 1981; Yoshizawa & 
Shichida, 1982). It is still uncertain which species of 
rhodopsin intermediate activates G-protein in invert- 
ebrate photoreceptors. 
In this paper, we provide further evidence supporting 
the presence of a rhodopsin-Gq-PI-PLC cascade as 
the major transduction pathway of cephalopod photo- 
receptors. Firstly, we demonstrate the presence and 
activity of PI-PLC by immunoblot analysis and PIP2 
hydrolysis respectively; and secondly, we show that 
PI-PLC activity is stimulated by a long-lived photo- 
product, i.e. stable metarhodopsin. 
MATERIALS AND METHODS 
Living firefly squids, Watasenia scintillans, were 
caught at night from a fisherman’s fixed net in Toyama 
Bay, Japan Sea. They were transported in a dark box to 
a dark room, where the eyes were enucleated under a dim 
deep-red light. The anterior half of the eye was removed 
and the eye cup was immediately frozen in liquid nitro- 
gen. The accumulated eye cups were moved to the 
laboratory in liquid nitrogen and kept at - 80°C until 
use. 
Preparation of rhabdomal membranes and buffer -soluble 
fractions 
The eye cups were quickly thawed in 20 mM Hepes 
(pH 7.2), neural tissues (optic ganglia etc.) were carefully 
removed, and then were agitated in fresh buffer 
(1 ml/retina) with a vortex mixer to suspend the outer 
segments of the photoreceptor cells. The outer segment 
suspension was homogenized in 20 mM Hepes and 
centrifuged at 100,000 g for 30 min to obtain soluble and 
particulate fractions. The latter was suspended in 40% 
sucrose in 20mM Hepes (pH 7.2) and centrifuged at 
30,000 g for 60 min to separate rhabdomal membrane 
and heavy precipitate fractions. Floats on 40% sucrose 
were collected, diluted with three volumes of 20 mM 
Hepes and centrifuged at 100,OOOg for 30 min. The 
resulting precipitate was suspended in 50 mM Hepes 
(1 ml/retina) and used as the rhabdomal membrane 
fraction for immunoblotting and enzyme assay. The high 
ionic soluble PI-PLC fraction was obtained by extracting 
the 20 mM Hepes-washed particulate fraction of the 
original homogenate with 400 mM KClj50 mM NaCl in 
20 mM Hepes, pH 7.2 (1 ml/retina). 
All procedures were carried out under dim deep-red 
light (A > 620 nm) which is not absorbed by the 
rhodopsins of this squid (Matsui, Seidou, Horiuchi, 
Uchiyama & Kito, 1988). 
PI-PLC assay 
PI-PLC activity was determined by the method of 
Smrcka et al. (1991). All samples were diluted lOO- to 
200-fold with 50 mM Hepes containing 2 mM dithio- 
threitol (DTT) and 40~1 aliquots were used as enzyme 
source (0.14.5 pg protein). The PI-PLC assay was 
carried out under room light except in the experiment 
examining the effects of light. In the experiments study- 
ing the effects of light, membrane fractions (before or 
after mixing with GTPyS) were irradiated with a bright 
white light for 10 set at 0°C. The reaction mixture 
contained 30 mM KCl, 20 mM NaCl, 20 mM Hepes 
(pH 7.2), 1 mM DTT, 2 mM EGTA, 0.08% sodium 
cholate, 50 PM [3H]PIP2 (about 10,000 dpm) and 
200 ,uM phosphatidyl ethanolamine (PE) in a total vol- 
ume of 100 ~1. Calcium was added to the medium in 
required amounts to maintain a constant free Ca2+ 
concentration. The free Ca2+ concentration was calcu- 
lated (with Oiki’s Ca2+/EGTA buffer program) from the 
absolute stability constants (Martell & Smith, 1977) after 
correction for given ionic strength and temperature 
(Harison & Bers, 1989; Oiki, Yamamoto & Okada, 
1994). Magnesium was essential for activation of 
PI-PLC by GTP (see Results section for appropriate 
Mg2+ concentration). Samples were kept in the dark 
until the addition of the assay reactant mixture. The 
reaction was started by the addition (under room light 
or under dim deep-red light) of [3H]PIP2/PE mixed 
vesicles, which were sonicated just before use, and by 
raising the temperature from 0°C to 20°C. Incubation 
was conducted at 20°C (in light or in complete darkness) 
for 10 min and stopped by the addition of 620 ~1 ice-cold 
methanol/chloroform/HCl (80 : 40: 1). Then chloroform 
(250 ~1) and 0.1 N HCl containing 0.1 mM EGTA 
(340 ~1) were added and the solution was mixed vigor- 
ously. After centrifugation at 3000 rpm for 6 min at 4°C 
a part of the aqueous phase was taken and mixed with 
scintillator (Aquasol 2, DuPont). Radioactivity was 
determined with a liquid scintillation counter (Packard 
2500TR). Protein content was determined with BCA 
reagent (Pierce), using bovine serum albumin (BSA) as 
standard. 
The PIP2 hydrolysis was confirmed to proceed linearly 
for up to 30 min under these assay conditions. The 
reaction products were obtained from an anion- 
exchange column (Berridge, Dawson, Downes, Heslop dz 
Irvine, 1983), and more than 95% of radioactivity was 
associated with inositol trisphosphate (IP3). 
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SDS-PAGE and immunohlotting 
SDS-PAGE was performed on slab gels following 
Laemmli (1970) at an acrylamide concentration of 10%. 
One-third of the gel was stained with Coomassie brilliant 
blue (CBB) and rest was used for protein transfer to 
PVDF membrane sheet (Westran, Schleicher & Schuell, 
U.S.A.). Peptides were synthesized corresponding to the 
15 residues at the C-terminus of the CI subunit of Gq 
[KDTILQLNLKEYNLV, common to squid and mouse 
(Ryba, Findlay & Reid, 1993)] and to the Y-region of the 
catalytic site of PLC/?4 and norp A VYNKRQM- 
SRIYP; residues 597409 in Drosophila norp A and 
613425 in rat PLC/?4 (Bloomquist et al., 1988; Lee, 
Park, Lee, Kimm & Rhee, 1993)]. Rabbits were im- 
munized with these two peptides as peptide-BSA conju- 
gates and anti-peptide antibodies were prepared as in the 
previous paper (Suzuki et al., 1993). These two anti- 
bodies are referred to as Ab GqC and Ab PLC/?4/norp 
A (Y), respectively. Antibodies were diluted with 1% 
gelatin/casein and 1% BSA in phosphate buffered saline, 
preincubated at room temperature for 1 hr, then incu- 
bated with the protein-transferred PVDF sheets at room 
temperature for 2 hr. The sheets were then treated 
with anti-rabbit IgG-peroxidase and immunoreactive 
proteins were visualized with 3,3’-diaminobenzidine 
tetrahydrochloride (DAB). 
RESULTS 
The photoreceptor outer segments were treated with 
20 mM Hepes and then with 400 mM KC1/50 mM NaCl 
to obtain three fractions: 20 mM Hepes soluble, 400 mM 
KC1 soluble and residual precipitate fractions. The dis- 
tribution of protein was 23%, 19% and 58% respect- 
ively. Most PI-PLC activity was found in the 400 mM 
KC1 soluble fraction. Only the PI-PLC activity in the 
residual precipitate (i.e. not in the soluble fractions) was 
enhanced by GTPy S, as shown in Fig. l(a). When the 
400 mM KC1 extract was recombined with the residual 
precipitate, stimulation by GTPy S was attributable only 
to the latter fraction (data not shown). Three fractions 
were obtained under low ionic strength: 20 mM Hepes 
soluble, membrane (40% sucrose floats) and heavy 
particulate fractions. The distribution of protein was 
31%, 29% and 40% respectively. Most activity was 
found in the membrane and heavy particulate fractions, 
and stimulation by GTPyS was obvious in the mem- 
brane fraction [Fig. l(b)]. 
The results of immunoblotting of 20 mM Hepes 
soluble, 400 mM KC1 soluble and membrane fractions 
are shown in Fig. 2. These immunoreactivities were lost 
by preincubation of antibodies with corresponding anti- 
gen peptides (data not shown). A protein recognized by 
Ab GqC was present in nearly equal amounts in all three 
fractions [Fig. 2(b)]. Figure 2(c) shows that two proteins, 
with apparent molecular mass of 130 and 95 kD, were 
recognized by Ab PLCfi4/norpA (Y). The distribution 
of PI-PLC activity (Fig. 1) corresponded with the pres- 
ence of the 130 kD protein. 
In the following experiments, we used the rhabdomal 
membrane fraction (obtained by 40% sucrose flotation 
at low ionic strength) as the source of PI-PLC. 
The effect of magnesium on PI-PLC activity was 
examined at 0.1 PM Ca*+ in the light. As shown in 
Fig. 3(a), activity was low at higher concentrations of 
Mg2+ without GTPy S. No stimulation by GTPy S was 
observed in the absence of Mg’+. The activity was 
enhanced by GTPyS in the presence of Mg’+, with 
maximal activation by 1 PM GTPyS at 2 mM Mg2+. 
The enzyme activity of the 400 mM KC1 extract showed 
similar magnesium dependency as that of the membrane 
fraction but there was no stimulation by GTPy S (data 
not shown). 
The effect of calcium on PI-PLC activity is shown 
in Fig. 3(b). PI-PLC activity was strongly dependent 
upon calcium: half-maximal activity was found at 
0.1 PM with an optimum at 1 PM. Stimulation by 
GTPyS was observed at any concentration of calcium. 
The activity of the 400 mM KC1 extract showed similar 
(JJ-p$- + - + - + 
20mM Hepes 400mM KCI Precipitate 
GTW- + - + - + 
20mM Hepes Membrane Precipitate 
FIGURE 1. PI-PLC activities with and without GTPy S (1 PM) 
in different fractions prepared from photoreceptor outer segments. 
(a) Tissue homogenates were washed with 20 mM Hepes (pH 7.2) to 
obtain (low ionic) soluble fraction (20 mM Hepes) and then 400 mM 
KC1/50 mM NaC1/20 mM Hepes to separate (high ionic) 400 mM KC1 
soluble and precipitate fractions. (b) Tissue homogenates were washed 
with 20 mM Hepes to obtain a soluble fraction (20 mM Hepes) and 
then the particulate fraction was floated on 40% sucrose in 20mM 
Hepes to separate rhabdomal membranes from heavy precipitate 
fractions. All fractions were prepared in 1 ml/retina and diluted 
160-fold, and 40 ~1 aliquots were used for one assay. Enzyme activities 
were determined at 0.1 PM Ca2+ and 0.8 mM Mg+ in the light. 
Means + SD (n = 3). 
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FIGURE 2. SDS-PAGE and corresponding immunoblots recognizing Gqa and PI-PLC. (a) SDS-PAGE stained with 
Coomassie brilliant blue (CBB) and (b) immunoblotting with Ab GqC and (c) immunoblotting with Ab PLCj?4/norp A(Y). 
Lanes 1, 4 and 7-20mM Hepes soluble; lanes 2, 5 and 8400mM KC1 soluble; lanes 3, 6 and 9-rhabdomal membrane 
fractions. Each sample amount corresponds to l/450 retina. The protein band immunoreactive to Ab PLC/34/norp A(Y) is 
indicated by an arrow in (a) and was confirmed by double staining with CBB and DAB. The apparently lower molecular mass 
of the Ab GqC-positive band from rhabdomal membranes (lane 6) is an artefact due to the proximity of a large amount of 
opsin (lane 3, Op). Apparent molecular weights, determined with electrophoresis calibration kits (Pharmacia), are indicated 
to the left. 
calcium dependency but there was no stimulation by 
GTPy S (data not shown). 
The effects of various nucleotides (0.1 p M) on PI-PLC 
activity were studied at 0.1 PM Ca2+ and 2 mM Mg’+. 
The results are shown in Fig. 4(a). GDP and ADP had 
no effect and ATP, UTP and CTP caused slight stimu- 
lation. Only GTP showed obvious stimulation, as pre- 
dicted from the effect of GTPy S. 
The effects of light on PI-PLC activity were studied at 
various concentrations of GTPy S. Figure 4(b) shows 
that GTPyS stimulates the activity of non-irradiated 
membranes and that light slightly stimulates PI-PLC 
activity in the absence of GTPy S. Stimulation by light 
was observed at any concentration of GTPy S, and was 
most significant at low concentrations of GTPy S. The 
effects of light and GTPyS were synergistic. 
In order to determine the rhodopsin intermediate 
which stimulates PI-PLC, the rhabdomal membrane 
fraction was irradiated at 0°C without GTPy S and 
divided into two parts: one was incubated at 0°C and the 
other at 10°C for 10 min in the dark, and then each was 
mixed with 1 nM GTPy S. An aliquot of the rhabdomal 
membrane fraction was irradiated at 0°C in the presence 
of 1 nM GTPy S. PI-PLC activities were determined in 
the dark and the results are shown in Fig. 5. Light- 
irradiation slightly stimulated PI-PLC activity in the 
absence of GTPyS and significantly stimulated it in the 
presence of GTPy S. The incubation at 0°C or 10°C after 
light-irradiation had no effect on the stimulation of 
enzyme activity by GTPy S. These results show that a 
stable photoproduct of rhodopsin, i.e. metarhodopsin, 
stimulates PI-PLC via G-protein. 
DISCUSSION 
We detected high PI-PLC activity in the rhabdomal 
membranes: specific activity was about 10 times that of 
rat liver plasma membrane (Taylor & Exton, 1987) and 
similar to that of the particulate fraction of bovine brain 
(Katan & Parker, 1987). A large part of the enzyme 
activity was membrane-bound under low ionic con- 
ditions and moved to the soluble fraction when the outer 
segments were treated with 400 mM KCI, with a small 
part of the activity remaining in the precipitate (Fig. 1). 
The membrane-associated PI-PLC activity of squid 
photoreceptor was strongly dependent upon calcium 
[Fig. 3(b)]. The distribution of the activity and the 
Ca’+-dependency are similar to those of /?-type PLC 
from various mammalian tissues (Taylor & Exton, 1987; 
Pang & Sternweis, 1990; Taylor et al., 1990; Smrcka 
et al., 1991). 
SDS-PAGE and immunoblot analyses show that the 
rhabdomal membranes contain PLCB4/norp A-like pro- 
tein besides Gq and rhodopsin (Fig. 2). Two proteins 
(apparent molecular weights of 130 and 95 kD) recog- 
nized by Ab PLC/?4/norp A (Y) were found in 400 mM 
KC1 soluble fraction. The 95 kD protein was present also 
in the 20 mM Hepes soluble fraction which had very low 
PI-PLC activity. The results from Fig. 2 in combination 
with those of Fig. 1 show that the 130 kD protein is the 
squid photoreceptor PI-PLC. The apparent molecular 
weight of 130 kD is very close to the reported values 
of PLCb4 (Lee et al., 1993) and norp A protein 
(Bloomquist et aZ., 1988). The 95 kD protein is presently 
unidentified. 
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The activation of PI-PLC by GTPyS is dependent 
on the magnesium content of the reaction mixture 
[Fig. 3(a)]. Magnesium inhibited PI-PLC activity in the 
absence of GTPyS but stimulated it in the presence of 
GTPy S. Mg*+ was essential for the activation of PI-PLC 
by GTPy S. The magnesium effects suggest the involve- 
ment of GTP-binding proteins, which require millimolar 
magnesium in the GDP-GTP exchange reaction and 
in the dissociation of GTP-Gcr from the fly-subunits 
(reviewed by Gilman, 1987). The membrane-associated 
PI-PLC activity was stimulated by low concentrations of 
GTPy S: half-maximal concentration was about 1 nM 
without light stimulation. Without GTPy S, stimulation 
of PI-PLC activity by light is very weak. Light enhanced 
PI-PLC activity at any concentration of GTPyS and 
nearly maximal activity was observed at 1 nM GTPyS 
(Fig. 4). These results can be explained by photo- 
activated rhodopsin stimulating GDP-GTP exchange in 
the G-protein, resulting in an apparent increase in 
affinity for GTPy S. Similar results were reported in the 
mammalian hormone receptor/G-protein/PLC system 
(Taylor & Exton, 1987). 
Light-stimulated GTPase activities have been reported 
in squid photoreceptor membranes (Brown, Combs, 
Ackermann & Malbon, 1991; Nobes, Baverstock & 
Saibil, 1992). A Gq class G-protein was isolated from 
squid membrane (Pottinger et al., 1991) and the primary 
structure has recently been determined (Ryba et al., 
1993). In our previous paper, using antibody against the 
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FIGURE 3. Effects of magnesium and calcium on PI-PLC activities. 
(a) Effects of Mg2+. PI-PLC activities were determined with (m) and 
without (0) 1 PM GTPyS in the light. Free Ca2+ was kept at 0.1 PM. 
Means + SD (n = 3). (b) Effects of CaZ+. PI-PLC activities were 
determined at 0.8 mM Mg2+ with (B) and without (0) 1 PM GTPyS 
in the light. Free calcium concentrations were adjusted with EGTA- 
CaZ+ buffer. Means f SD (n = 3). in the dark. Means f SD (n = 3). 
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FIGURE 5. Effects of incubation on the stimulation of PI-PLC by 
light and GTPyS. (DO’C) Membrane fraction was mixed with 1 nM 
GTPyS in the dark. For LO”C and LlO”C, membrane fractions were 
irradiated at 0°C for 10sec without GTPyS, and incubated at 0°C 
(LO”(J) or 10°C (LIO”C) for 10 min and then mixed with 1 nM GTPy S. 
(G/L) Membrane fraction was irradiated at 0°C in the presence of 
1 nM GTPyS. PI-PLC was assayed at 0.1 FM Ca2+ and 2mM Mg2+ 
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FIGURE 4. Effects of nucleotides and light on PI-PLC activity. 
(a) Effects of nucleotide (0.1 PM). PI-PLC was assayed at 0.1 PM Ca2+ 
and 2 mM Mg+ in the light. (b) Effect of GTPyS in dark (m) or light 
(at 0°C for 10 set, 0). PI-PLC was assayed at 0.1 PM Ca*+ and 2 mM 
Mg2+ in the dark. Means k SD (n = 3). 
N-terminus of Gqcr, we also demonstrated that the major 
G-protein in squid rhabdomal membranes is of the Gq 
type (Suzuki et al., 1993). In the present study, we 
detected the same G-protein using antibody against the 
C-terminus of Gqg (Fig. 2). We therefore conclude that 
G-protein coupling to photo-activated rhodopsin and 
stimulating PI-PLC is the Gq which was immuno- 
logically detected by us [Fig. 2(b) and Suzuki et al., 19931 
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and of which the primary structure has been determined 
by Ryba et al. (1993). 
Three subtypes of mammalian PLCP (p 1, 82, 83) are 
known and they are stimulated by both tl- and By- 
subunits of Gq class G-protein and by By-subunit of 
some other G-proteins (reviewed by Clapham & Neer, 
1993; Exton, 1994). In Drosophila, the gene product of 
norp A has been identified as P-type PLC (Bloomquist 
et al., 1988). Recently, PI-PLC in vertebrate photo- 
receptors was found to be a new subtype of PLCg(B4), 
whose primary structure has a higher homology with 
norp A protein than with any other PLC/?s (Lee, Park, 
Lee, Kimm & Rhee, 1993; Ferreira & Pak, 1994). Most 
recently, it was reported that PLCfi4 is activated by 
a-subunits of Gq class G-protein but not by By-subunits 
(Jiang, Wu & Simon, 1994). Our present results strongly 
suggest the involvement of Gq in the stimulation of 
squid PLCP4/norp A-like enzyme but further studies are 
required to demonstrate direct activation by CI- or 
/3y-subunits. 
Incubation of the rhabdomal membranes after ir- 
radiation had no effects on the stimulation of PI-PLC 
activity by light. The extent of stimulation after 10min 
incubations before addition of GTPyS was similar to 
that without incubation (Fig. 5). The squid rhodopsin 
cycle has been well studied: photoactivated rhodopsin 
decays through a few intermediates to a stable photo- 
product, metarhodopsin (Naito et al., 1981; Yoshizawa 
& Shichida, 1982). The intermediate just before 
metarhodopsin is mesorhodopsin (another name is 
LM-rhodopsin of Yoshizawa & Shichida, 1982) which 
decays over about 10 msec at 5°C (Ebina, Nagasawa & 
Tsukahara, 1975). Since any mesorhodopsin present 
would decay completely during the 10 min incubation at 
0°C or 10°C stable metarhodopsin is the only possible 
species that can activate PI-PLC. Stimulation of PIP2 
hydrolysis was not significant without GTPy S, indicat- 
ing that metarhodopsin does not directly activate PI- 
PLC. The results in Fig. 5 can be explained in terms of 
stable metarhodopsin activating PI-PLC via G-protein. 
Terakita, Hariyama, Tsukahara, Katsukura and Tashiro 
(1993) demonstrated that a Gq class G-protein binds 
to metarhodopsin in detergent-solubilized rhabdomal 
membranes of the crayfish, which suggests that in. this 
species too, metarhodopsin is the activator of Gq. 
Electrophysiological experiments in Drosophila also 
suggest that stable metarhodopsin activates the photo- 
transduction cascade (see review by Selinger, Deza & 
Minke, 1993). 
A part of our present results, calcium, GTP and light 
effects on PI-PLC activity, are qualitatively consistent 
with the earlier study by Baer and Saibil (1988). 
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